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FIG. 1A (PRIOR ART)
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FIG. 2 (PRIOR ART)

FIG. 3 (PRIOR ART)
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1
BUBBLE-JET TYPE INK-JET PRINTHEAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an ink-jet printhead. More
particularly, the present invention relates to a bubble-jet type
ink-jet printhead.

2. Description of the Related Art

Ink-jet printing heads are devices for printing a predeter-
mined color image by ejecting a small droplet of printing 1nk
at a desired position on a recording sheet. Ink ejection
mechanisms of an ink-jet printer are generally categorized
into two types: an electro-thermal transducer type (bubble-
jet type), in which a heat source is employed to form a
bubble in 1k causing an ink droplet to be ejected, and an
electro-mechanical transducer type, 1n which a piezoelectric
crystal bends to change the volume of 1nk causing an ink
droplet to be expelled.

Referring to FIGS. 1A and 1B, a conventional bubble-jet
type 1nk ejection mechanism will now be described. When
a current pulse 1s applied to a heater 12 consisting of
resistive heating elements formed in an ink channel 10
where a nozzle 11 1s located, heat generated by the heater 12

boils 1nk 14 to form a bubble 15 within the ink channel 10,
which causes an ink droplet 14' to be ejected.

There are multiple factors and parameters to consider in
making an ink-jet printhead having a bubble-jet type ink
ejector. First, 1t should be simple to manufacture, have a low
manufacturing cost, and be capable of being mass-produced.
Second, 1n order to produce high quality color 1images, the
formation of minute, undesirable satellite 1nk droplets that
usually trail an ejected main 1nk droplet must be avoided.
Third, when 1nk 1s ejected from one nozzle or when ink
refills an 1k chamber after ink ejection, cross-talk with
adjacent nozzles, from which no ink 1s ejected, must also be
avolded. To this end, a back Hlow of ink 1n a direction
opposite to the direction 1nk 1s ejected from a nozzle must be
prevented during ik ejection. For this purpose, a second
heater 13 as shown 1n FIGS. 1A and 1B 1s typically provided
to prevent a back flow of the ink 14. The second heater 13
ogenerates heat sooner than the first heater 12, which causes
a bubble 16 to shut off the ink channel 10 behind the first
heater 12. Then, the first heater 12 generates heat, and the
bubble 15 expands to cause the ink droplet 14' to be ejected.
Fourth, for high-speed printing, a cycle beginning kit with
ink ejection and ending with ink refill in the ink channel
must be carried out in as short a period of time as possible.
Fifth, a nozzle and an ink channel for introducing ink to the
nozzle must not be clogged by a foreign material or by

solidified ink.

The above requirements, however, tend to contlict with
one another. Furthermore, the performance of an ink-jet
printhead 1s closely associated with and affected by the
structure and design of an ink chamber, an 1nk channel, and
a heater, as well as by the type of formation and expansion
of bubbles and the relative size of each component.

FIG. 2 illustrates a perspective, partial cutaway view of a
conventional ink-jet printhead showing the internal structure
of the ink-jet printhead, and FIG. 3 1illustrates a cross-
sectional view of the conventional printhead shown in FIG.
2, taken along the line I—I for explaining how an ink droplet
1s ejected from the printhead. Referring to FIG. 2, the ink-jet
printhead includes a substrate 20, a wall 22 formed on the
substrate 20 for providing an ink chamber 26 for containing
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2

ink, a heater 23 disposed 1n the 1k chamber 26 for gener-
ating heat, and a nozzle plate 21 having an orifice 24 for
cjecting an 1nk droplet. Ink 1s supplied to the ink chamber 26
through an ink channel 25 and to the orifice 24 1n flow
communication with the ink chamber 26 by capillary action.

Referring to FIG. 3, in this configuration, if current 1s
applied to the heater 23, the heater 23 generates heat to form
a bubble B 1n ink, thereby filling the immk chamber 26 as
shown 1in FIG. 3. Then, the bubble B expands to exert
pressure on the 1nk within the ink chamber 26 causing an 1nk
droplet 28 to be ejected through the orifice 24.

However, 1n the ink-jet printhead having the structure
described above, a considerable amount of heat generated by
the heater 23 1s transferred and absorbed into the substrate
20. It 1s desirable that the heat generated by the heater 23 be
used to boil 1nk and form the bubble B. However, most of
the heat 1s absorbed 1nto the substrate 20, and only a small
amount of the heat 1s actually used to form the bubble B.
This means that the heat energy supplied to generate the
bubble B 1s wasted in heating the substrate 20, thereby
increasing energy consumption. Also, the ink-jet printhead
has a problem 1n that the temperature of a head 1s signifi-
cantly increased as a print cycle runs because the heat
transterred to the substrate 20 1n turn heats the head system.
Furthermore, the heat flow into the substrate 20 causes the
ink to be heated or cooled at a lower speed or cycle, thereby
increasing the length of the cycle from formation to collapse
of the bubble and thus decreasing print speed.

Typically, the amount of ink pushed away from a nozzle
by a generated bubble 1s closely related to the print speed of
an 1nk-jet printhead. In the ink-jet printhead having the
conventional structure described above, the amount of 1nk
that 1s pushed away from the orifice 24 1s approximately the
same as the amount of ink ejected by the bubble B, thereby
making a print cycle longer and thus reducing the print speed
of the printhead.

SUMMARY OF THE INVENTION

In an effort to solve the above problems, 1t 1s a feature of
an embodiment of the present invention to provide a bubble-
jet type ink-jet printhead configured so that a heater disposed
within an ink chamber does not directly contact a substrate
and further configured so that an ink channel 1s disposed
inside the substrate thereby consuming less energy 1n oper-
ating the printhead, preventing a backflow of ink, and
increasing the printing speed of the printhead.

Accordingly, the present invention provides a bubble-jet
type 1nk-jet printhead including: a substrate; a nozzle plate
separated from the substrate by a predetermined distance,
the nozzle plate having an orifice for ejecting ink; a wall for
closing the space between the substrate and the nozzle plate
and for forming an ink chamber filled with ink therebe-
tween; and a heater interposed between the substrate and the
nozzle plate for dividing the ink chamber into a main 1nk
chamber disposed above the heater and a secondary ink
chamber disposed below the heater, the main ink chamber
and the secondary ink chamber generating a main bubble
and a secondary bubble, respectively, upon heating of the
heater.

Preferably, a groove for forming the secondary 1ink cham-
ber 1s formed 1n the substrate at a location corresponding to
the heater. Additionally, it 1s preferable that the main i1nk
chamber and the secondary ink chamber are 1n flow com-
munication.

In another embodiment of the present invention, a bubble-
jet type 1nk-jet printhead includes: a substrate; a nozzle plate
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separated from the substrate by a predetermined distance,
the nozzle plate having an orifice for ejecting ink; a wall for
closing the space between the substrate and the nozzle plate
and for forming an 1nk chamber filled with 1k therebe-
tween; a heater interposed between the substrate and the
nozzle plate for dividing the ink chamber into a main ink
chamber disposed above the heater and a secondary ink
chamber disposed below the heater, the main 1mnk chamber
and the secondary ink chamber generating a main bubble
and a secondary bubble, respectively, upon heating of the
heater and an 1k channel connecting the secondary ink
chamber to an 1k reservoir so that 1k 1s introduced 1nto the
secondary ik chamber and then supplied to the main i1nk
chamber.

Preferably, a groove for forming the secondary ink cham-
ber 1s formed 1n the substrate at a location corresponding to
the heater. It 1s also preferable that the ink channel 1s formed
at a location corresponding to the central portion of the
heater by penetrating the bottom of the secondary ink
chamber. Preferably, upper and lower passivation layers are
formed above and below the heater, respectively. Also
preferably, a portion of the lower passivation layer at a
location corresponding to the ink channel 1s thinner than the
upper passivation layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The above features and advantages of the present inven-
tion will become readily apparent to those of ordinary skill
in the art by describing in detail preferred embodiments
thereof with reference to the attached drawings 1n which:

FIGS. 1A and 1B illustrate cross-sectional views of a
conventional bubble-jet type ink-jet printhead;

FIG. 2 1llustrates a perspective, partial cutaway view
showing the internal structure of a conventional ink-jet
printhead;

FIG. 3 1llustrates a cross-sectional view of a conventional
bubble-jet type 1ink-jet printhead, showing the ejection of an
ink droplet;

FIG. 4 illustrates a cross-sectional view of a bubble-jet
type 1nk-jet printhead according to an embodiment of the
present mvention;

FIG. 5 1llustrates a plan view showing the mside configu-
ration of the printhead of FIG. 4;

FIG. 6 1illustrates a cross-sectional view of a bubble-jet
type 1nk-jet printhead according to another embodiment of
the present invention;

FIG. 7 1llustrates a plan view showing the mside configu-
ration of the printhead of FIG. 6; and

FIG. 8 illustrates a cross-sectional view of a bubble-jet
type 1nk-jet printhead according to yet another embodiment
of the present invention, showing a heater portion incorpo-
rating passivation layers having different thicknesses.

DETAILED DESCRIPTION OF THE
INVENTION

Korean Patent Application No. 2000-73481, filed on Dec.
5, 2000, and entitled: “Bubble-jet Type Ink-Jet Printhead,” 1s

incorporated by reference herein 1n its entirety.

Referring to FIGS. 4 and 5, a bubble-jet type ink-jet
printhead according to a first embodiment of the present
invention includes a substrate 100, a nozzle plate 101
separated from the substrate 100 by a predetermined
distance, a wall 102 for forming an ink chamber to be filled
with 1nk between the substrate 100 and the nozzle plate 101,
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and a heater 103 disposed 1n the 1nk chamber for generating,
heat. An orifice 104 for ejecting ink 1s formed in the nozzle
plate 101, and ink 1s supplied to the ink chamber from an 1nk
reservoir (not shown) through an ink channel 105. A rect-
angular groove 108 i1s formed in the substrate 100 at a
position opposite the orifice 104, and the heater 103 1s
disposed on a portion of the substrate 100 where the rect-
angular groove 108 1s formed. Thus, the mk chamber 1s
divided 1nto a main ink chamber 106 disposed above the
heater 103 and a secondary ink chamber 107 disposed below
the heater 103, or within the groove 108 on the substrate
100. As shown 1n FIGS. 4 and 5, the heater 103 1s formed
on the portion of the substrate 100 where the groove 108 is
formed, and the main 1nk chamber 106 1s 1n flow commu-
nication with the 1nside of the secondary ink chamber 107 so
that the heater 103 1s surrounded by ink filling the ink
chambers 106 and 107. In this case, to prevent the 1nk within
the mk chambers 106 and 107 from contacting the heater
103, passivation layers 125 are formed on the top and
bottom of the heater 103. To heat the heater 103 by applying
current, the heater 103 1s connected to a conductor 120
through a through hole (not shown) formed in the passiva-
tion layer 125.

In this configuration, if current 1s supplied to the heater
103 through the conductor 120, the heater 103 generates heat
to form a main bubble B' and a secondary bubble B" in the
ink contained 1n the main mk chamber 106 and the second-
ary ink chamber 107, respectively, as shown 1n FIG. 4. The
bubbles B' and B" expand to cause the ik to be ejected
through the orifice 104 formed 1n the nozzle plate 101.

Thus, unlike the conventional art, the heater 103 1s
surrounded by the ink within the main 1nk chamber 106 and
the secondary 1ink chamber 107, thereby transferring all of
the heat generated by the heater 103 to the ink and thus
cgenerating the bubbles B' and B".

Although the embodiment has been described with
respect to the rectangular groove 108, other shapes of the
oroove 108 are available provided that the secondary ink
chamber 107 formed 1n the groove 108 operates as described
above.

FIGS. 6 and 7 show a bubble-jet type ink-jet printhead
according to a second embodiment of the present invention.
FIG. 6 1illustrates a cross-sectional view of the ink-jet
printhead according to this embodiment, and FIG. 7 1illus-
trates a plan view showing the 1nside of the printhead of FIG.
6. Here, the same reference numerals as shown 1n FIGS. 4
and 5 denote the same members.

Referring to FIGS. 6 and 7, the bubble-jet type ink-jet
printhead according to the second embodiment of the
present 1nvention includes a substrate 100, a nozzle plate
101, a wall 102, and a heater 103. Passivation layers 125 are
formed on the top and bottom of the heater 103 and a
conductor 120 for applying current is connected to the heater
103. Arectangular groove 108 1s formed 1n the substrate 100
opposite an oridice 104 1n the nozzle plate 101, and the heater
103 1s disposed on the groove 108. A main ink chamber 106
and a secondary ink chamber 107 are formed above and
below the heater 103, respectively, and both ik chambers
106 and 107 are in flow communication as shown 1n FIGS.
6 and 7. An ik channel 110 for introducing ink from an ink
reservoir (not shown) into the secondary ink chamber 107
and then supplying the ink to the main ink chamber 106 1s
formed at a location corresponding to the central part of the

substrate 103 by penetrating the bottom of the secondary 1nk
chamber 107.

In this configuration, all of the heat generated by the
heater 103 1s transferred to the ink, thus generating a main
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bubble B' and a secondary bubble B" as described above.
During ink ejection, the secondary bubble B" generated 1n
the secondary ink chamber 107 blocks an inlet of the ink
channel 110 penetrating the bottom of the secondary ink
chamber 107, thereby preventing a backilow of k. To
ciiectively prevent a backiflow of ink, both the shape or
depth of the groove 108 forming the secondary 1ink chamber
and the cross-section of the ink channel 110 need to be taken
into account relative to the formation of the secondary

bubble B" 1n order to provide complete blockage of the inlet
of the ink channel 110.

As described above, although this embodiment has been
described with respect to a rectangular groove 108, other
shapes and configurations of the groove 108 are contem-
plated within the scope of this invention.

In order to more effectively prevent a backilow of ink,
passivation layers 125 disposed at a main ink chamber side
and a secondary ink chamber side of the heater 103 for
insulation between ink and the heater 103 may have different
thicknesses, and the passivation layer at the secondary ink
chamber side may have a multilayer structure. FIG. 8
illustrates a cross-sectional view of a heater portion in which
passivation layers of different thicknesses are provided.

Referring to FIG. 8, a portion of a lower passivation layer
125" disposed below the heater 103 at a location correspond-
ing to the 1k channel 110 1s thinner than an upper passi-
vation layer 125' disposed above the heater 103. Thus, heat
ogenerated by the heater 103 1s transferred to ik filling the
secondary ink chamber 107 faster than to that filling the
main 1nk chamber 106, thereby generating the secondary
bubble B" earlier than the main bubble B' 1s generated. The
secondary bubble B" creates an air lock and blocks the 1nk
channel 110 to effectively block any pressure generated by
the main bubble B' from being transferred through the ink to
the ink channel 110, and consequently prevents a backilow
of k. Furthermore, the printhead may be configured so that
the lower passivation layer 125" has a multilayered con-
struction. Moreover, only the portion of the lower passiva-
tion layer 125" at a location corresponding to the ink channel
110 may be made to be thinner, thereby generating a smaller
secondary bubble B" in the secondary ink chamber 107 to
ciiectively create an air lock and block the ink channel 110,
and thereby preventing a backilow of ink.

In the above-described embodiments, the main ink cham-
ber 106 and the secondary ink chamber 107 have been
formed by disposing the heater 103 on the groove 108
formed in the substrate 100. Alternatively, a main ink
chamber and a secondary ink chamber may be formed by
simply interposing the heater 103 between the substrate 100
and the nozzle plate 101, with no groove 108 formed 1n the
substrate 100.

As described above, a bubble-jet type 1nk-jet printhead
according to the present invention 1s coniigured to have the
heater 103 interposed between the substrate 100 and the
nozzle plate 101, surrounded by ink, thus consuming less
energy 1n operating the printhead by reducing heat loss from
the heater 103 to the substrate 100, increasing the endurance
of the printhead by reducing unnecessary heat accumulated
in the substrate 100, and imncreasing the printing speed of the
printhead due to quick cooling of the heater 103 after ink
cjection. Furthermore, the ink channel 110 1s provided below
the heater 103, thereby preventing a backilow of 1ink during
ink ejection and increasing the printing speed of the print-

head.

While this invention has been particularly shown and
described with reference to preferred embodiments thereof,
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6

it will be understood by those of ordinary skill 1n the art that
various changes 1 form and details may be made herein
without departing from the spirit and scope of the invention
as defined by the appended claims.

What 1s claimed 1s:

1. A bubble-jet type ink-jet printhead comprising: a sub-
strate; a nozzle plate separated from the substrate by a
predetermined distance, the nozzle plate having an orifice
for ejecting 1nk; a wall for closing the space between the
substrate and the nozzle plate to form an ink chamber; and
a heater interposed between the substrate and the nozzle
plate for dividing the 1ink chamber 1nto a main 1k chamber
disposed above the heater and a secondary ink chamber
disposed below the heater, wherein a groove for forming the
seccondary 1nk chamber i1s formed in the substrate at a
location corresponding to the heater, wherein the heater 1s
wider than the groove and the heater 1s disposed on a portion
of the substrate to bridge the groove formed in the substrate.

2. A bubble-jet type mnk-jet printhead as claimed 1n claim
1, wherein the main ink chamber and the secondary ink
chamber are 1n flow communication.

3. A bubble-jet type mk-jet printhead comprising: a sub-
strate; a nozzle plate separated from the substrate by a
predetermined distance, the nozzle plate having an orifice
for ejecting 1nk; a wall for closing the space between the
substrate and the nozzle plate to form an ink chamber, a
heater interposed between the substrate and the nozzle plate
for dividing the ink chamber 1nto a main ink chamber
disposed above the heater and a secondary ink chamber
disposed below the heater, wherein a groove for forming the
seccondary i1nk chamber i1s formed in the substrate at a
location corresponding to the heater, wherein the heater 1s
wider than the groove and the heater 1s disposed on a portion
of the substrate to bridge the groove formed 1n the substrate;
and an 1ink channel connecting the secondary ink chamber to
an 1nk supply, wherein the main ink chamber and the
secondary ink chamber are 1n flow communication.

4. A bubble-jet type ink-jet printhead as claimed 1n claim
3, wherein the 1nk channel 1s formed at a location corre-
sponding to the central portion of the heater by penetrating
the bottom of the secondary ink chamber.

5. A bubble-jet type 1nkjet printhead as claimed 1n claim
4, further comprising an upper passivation layer formed on
and above the heater and a lower passivation layer formed
on and below the heater.

6. A bubble-jet type ink-jet printhead as claimed 1n claim
5, wherein the lower passivation layer i1s thinner than the
upper passivation layer.

7. A bubble-jet type inkjet printhead as claimed 1n claim
5, wherein a portion of the lower passivation layer at a
location corresponding to the ink channel 1s thinner than the
upper passivation layer.

8. A bubble-jet type ink-jet printhead as claimed 1n claim
7, wherein the lower passivation layer comprises a plurality
of passivation layers.

9. A bubble-jet type 1nk-jet printhead as claimed 1n claim
5, wherein the lower passivation layer comprises a plurality
of passivation layers.

10. A bubble-jet type ink-jet printhead as claimed 1n claim
3, further comprising an upper passivation layer formed on
and above the heater and a lower passivation layer formed
on and below the heater.

11. A bubble-jet type ink-jet printhead as claimed 1n claim
10, wherein the lower passivation layer 1s thinner than the
upper passivation layer.

12. A bubble-jet type ink-jet printhead as claimed 1n claim
10, wherein a portion of the lower passivation layer at a
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location corresponding to the ink channel 1s thinner than the 14. A bubble-jet type 1nk-jet printhead as claimed 1n claim

upper passivation layer. 10, wherein the lower passivation layer comprises a plurality
13. A bubble-jet type 1ink-jet printhead as claimed 1n claim of passivation layers.

12, wherein the lower passivation layer comprises a plurality

of passivation layers. I I
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